distribution level has open an opportunity for islanding operation of distribution networks. Through proper islanding operation, the reliability of the system can be improved by continuously supplying power from DG. However, an effective protection schemes for an islanded network are still an issue to be solved. Specifically to balance DG generation and load demand in order to maintain system frequency. Hence, an effective underfrequency load shedding scheme is required for an islanded distribution network which is not as strong as the grid. This paper presents a new under-frequency load shedding scheme for an islanded distribution network. A combination of adaptive under-frequency load shedding and state estimation is proposed for efficient and precise load shedding scheme. In this proposed method, overload is anticipated by utilizing an adaptive underfrequency load shedding scheme. Meanwhile, State estimation is used to estimate the load value. Finally, the estimated value of overload will be shed according to the estimated value of each bus demand.
INTRODUCTION
Islanding operation of Distributed Generations (DG) is a new approach to improve reliability of a distribution network. Through islanding, DG can supply electrical power to the distribution network during grid disconnection. Reliable DG and secure coordination with the grid system are necessary in order to design an islanding operation of distribution network. For this, IEEE 1547 group has produced a standard which serve as a guide for practicing an intentional islanding operation in an electric power system [1] .
Although, the operation of DG can supply electrical power for distribution network, this operation can also bring up some concerns. Some of the main concerns of DGs in an islanded distribution network according to the IEEE Std. 1547. 4- The most critical concern, in an islanding operation, is to regulate the voltage and frequency of the islanded system within allowable range. Hence, specific considerations need to be taken when adequate generation of DGs do not exist to supply the loads in an islanded portion. Any change in generation and load immediately after system is islanded poses a challenge in controlling the voltage and frequency response. Normally, a large excess of load over local generation in the islanded system could result in a rapid frequency drop. The smaller system inertia tends to cause a quick frequency drop. It also has a limited reserve margins to cover for the shortfall of the generation. For such an imbalance power, DG would not be able to stabilize the frequency response. The only way to stabilize the frequency to its nominal value is to implement load shedding scheme.
The most common load shedding method applied by utilities is the conventional UFLS scheme. Although this method is simple and practical, it is known unreliable to shed right amount of load. [2] [3] [4] [5] . Hence, an adaptive UFLS scheme was introduced to estimate the right amount of load need to be shed. The method used a simple expression of generator swing equation to estimate the imbalanced power in the electric power system. In the adaptive UFLS, power imbalanced is estimated based on the rate of change of frequency (df/dt) [6] . Different aspects of intelligent load shedding scheme have been also reported in the literature [7] [8] [9] [10] . Intelligent scheme utilized power system automation, two-way high speed communication system, fast and accurate measurement units and other modern facilities to acquire knowledge and information regarding the network for intelligently and optimally shedding the load [11] [12] [13] [14] . However, the effectiveness of this scheme depends on the availability of realtime monitoring in the network.
Although real-time measurement devices are very useful for system state monitoring and load shedding purposes, such devices are limited due to high cost of these devices. Only selected locations and critical points are being monitored in distribution network. Hence, the problem of limitation number of measurement equipment can be found in many conventional distribution networks. To address this problem, State Estimation (SE) can be used to approximate and estimate the system state at a bus where measurements are not available. Ever since the introduction of SE by F. C. Schweppe in the late of 1970 [15] , various techniques are used to obtain a SE solution, which were well documented in [16] [17] . Since the electric power grid becomes smarter, more distribution automation will be required and application of SE becomes more essential. An efficient method has been established to solve the distribution state estimation problems in an electric power system in [18] . A SE algorithm based on forwardbackward propagation with higher R/X ratio of lines has been presented in [19] . A branch estimation based on SE method, suitable for real-time monitoring of distribution network is presented in [20] . This paper proposes a conceptual of a new load shedding scheme in an islanded distribution networks. The proposed strategy utilizes an adaptive UFLS scheme incorporating state estimation for distribution network application. The frequency of the center of inertia is used to measure the rate of change of frequency in order to estimate the power imbalance magnitude base on swing equation. At the same time, Distribution State Estimation (DSE) based on Weighted Least Square (WLS) method to find and capture a network operation point is utilized. A composite load model is performed in state estimation to compute an accurate value of active and reactive power of various types of loads such as industrial, commercial and domestic. It would be able to shed the load in accordance to the load priority. The proposed scheme is implemented to an intentional islanding operation considering Malaysia's existing distribution network that consists of two small units of hydro generation connected in parallel to the grid.
II. PROPOSED UFLS SCHEME
The proposed method combined an Adaptive UnderFrequency Load Shedding (AUFLS) and DSE for islanding operation of distribution network. As reported in the literature, AUFLS technique executes the load curtailment by measuring the Rate of Change of Frequency (ROCOF) in the system immediately after the occurrence of the disturbance, at t = 0 + s. Then, it computes the power imbalance (that causes the frequency drop) in the system based on simple expression of the generator swing equation. The scheme tries to shed right amount of load which is close to the estimated power imbalance. However, an unanswered question remains as to what are the best buses to distribute the calculated deficit. Therefore, the proposed method utilizes DSE to estimate the online value of power for load at each bus. DSE program perform as a real-time monitoring device in the distribution network. In addition, the load shedding is performed according to the load priority in the network. The loads are classified into 3 categories; vital, semi-vital and non-vital. Fig. 1 illustrates the overall concept of load shedding scheme for an islanded distribution network connected with Mini Hydro power plants. 
A. Frequency Calculator Module
The FCM will continuously calculate the frequency of the distribution network. It monitors the voltage of the network and then calculates the system frequency based on the zero crossing technique. During system disturbances, the generators are disturbed by inter generator oscillations and their deceleration or acceleration rates are not the same. Therefore, for the power imbalance calculation, the frequency of the Center of Inertia (COI) is considered [21] [22] . This frequency is then compared to the frequency protection setting of each generator. If the frequency lies outside the range (less than 47.5 Hz or greater than 52.5 Hz), both generators will be tripped off by an under or over frequency relay, which in practice is available to protect the generator.
B. Distribution State Estimation Module
The global measurement vector is pointed out by Z, in a power system comprising distribution and transmission system. For an N-bus power system with m measurements, assume r is an error vector with standard Gaussian that has a zero mean and variance ı 2 . The measurement equation can generally be expressed as a function in (1):
Where -Z i is the vector of measurements -x is the state vector -h i (x) is the measurement matrix of the nonlinear function -r i is the measurement errors vector.
The classical WLS method will achieve the estimate value of x, which minimizes the objective function as describe in (2):
2 is the variance of the mth measurement error. The best state estimate can be obtained by solution of the following equation. It is computed to reflect the expected accuracy of the corresponding meter used.
is the Jacobian matrix of the measurement function -G(x) is called the Gain matrix; it can be defined and formulated in (4) as follow:
System state will be solved iteratively, by (4) to minimize such errors and find an optimal estimate. In addition, the measurement matrix can be of a variety of most commonly used measurements in the practical system. The proposed DSEM is used real-time measurements as line power flows, pseudo measurements as a bus power injections and bus voltage magnitudes in order to construct the measurement matrix. Pseudo measurements are needed to assist convergence of the state estimator for distribution network, since real-time information is very limited in a conventional distribution system. Otherwise, the convergence of state estimator cannot be attained. Composite load model is chosen in order to represent a mix type of load in DSEM [23] . The load values will also be updated within iterations in respect to the system voltage.
C. Load Shedding Controller Module
In the LSCM, the amount of loads that are needed to be shed is determined and calculated. A certain delay time equal to 100ms which comprises communication, calculation and circuit breaker opening time is being considered in this module. The LSCM will have to decide the power imbalanced value based on the ROCOF.
This strategy is to address the changes of frequency due to sudden increment of load in an islanded system. In this strategy, the amount of load to be shed depends on the disturbance magnitude. It is estimated based on the amount of power imbalance following frequency deviation in the system. The amount of power imbalance is estimated by using the ith generators swing equation which is expressed in (5):
Where -H is the generator inertia constant in seconds -fc is the frequency, Hertz -fn is the rated value of frequency, Hertz -N is the number of generators ǻP is the imbalance power, per-unit.
In (5), the magnitude of ROCOF (df c /dt) is utilized to estimate the power imbalance. If ROCOF is less than zero and the system frequency fall less than 49.5 Hz then the decision is made to shed some of the loads. In this case, the LSCM will estimate the amount of load needed to be shed by using the swing equation. However, the magnitude of ROCOF is valid immediately after the occurrence of the disturbance due to the dynamic response of the control elements such as turbine, governor, load and generator. Consequently, the unknown value of ǻP is estimated by solving (5).
III. VALIDATION OF THE PROPOSED LOAD SHEDDING
The test system consists of 34 buses, 27 lumped loads with 2 mini hydro generators was modeled using PSCAD/EMTDC software. The mini hydro generators rated at 2MVA with 2.5 s of constant inertia are operated at 3.3kV. Two parallel units of 2MVA generator transformer were connected to the DGs to step up the voltage level to 11kV. Each load is connected with motorized switchgear that can be remotely controlled for load shedding purposes. Non-Elastic Water Column without Surge Tank and PID Controls including Pilot and Servo Dynamics model are used as a hydro turbine and governor model, respectively. IEEE Alternator Supplied Rectifier Excitation System is also chosen as an excitation model. The model parameters are shown in Table I , II and III, respectively. 
IV. SIMULATION RESULTS
The system state variable (i.e. active power, reactive power and voltage) are monitored by the DSEM. The system frequency is also calculated by FCM to prepare the system information for LSCM. The LSCM collect the data from FCM and DSEM to determine or estimate the amount of power imbalance and accordance load need to be shed based on DSE values.
In order to test the proposed scheme, an intentional islanding is performed to the test system. In this case, the distribution network is disconnected from grid to operate in an islanding mode. Two scenarios are considered, base and peak load. The total load demand for base and peak load is 2.42MW and 3.16MW respectively.
Various events are simulated to study the effectiveness of the proposed load shedding scheme. The events such as trip the generator number 2 and sudden connection of load are selected as the disturbance. These events are applied in the test system at time t = 5 seconds. The scheme should be able to cope with the different range of power imbalances between load and generation following the events. Trip the generator number 2 is considered in case I and the sudden connection of load is simulated in case II.
A. Case I: Trip of the Generator 2
In this case, loss of the generator number 2 is simulated. Frequency responses for base and peak load scenarios are shown in Fig. 3 . Since the loads in the islanded system are supplied with two small hydro DGs, loss of one DG will give a great impact to the island. As a result of losing half of the island generation (1.58MW in peak load case), the system frequency has dropped, tremendously. Aberration of the df/dt versus system frequency is illustrated in Fig. 4 . In response to the event and to stabilize the islanded system, the LSCM would immediately trip significant numbers of load feeders. Optimum load shedding value for proposed method is presented in Table IV . The total loads shedding for both scenarios are observed. As shown in Fig. 3 , system frequency for base and peak load drop to 48.156 Hz and 47.958 Hz, respectively; then slowly restores to its nominal value.
B. Case II: Sudden Connection of a Load
In this case, the sudden connection of load in the islanded system for base and peak load is simulated. To create the overload disturbances, various loads are connected to the bus number 12 at simulation time, t = 5s. These rated values are 0.30MW and 0.45MW. System frequency responses for base load demand are illustrated in Fig. 6 . Following 0.3MW and 0.45MW overload disturbances the frequency is dropped to 49.327 Hz and 49.092 Hz, respectively. The LSCM is compute the amount of load need to be shed based on estimated value of AUFLS. These values are presented in Table V . The total powers of load shedding for both scenarios are observed in this table. The difference value is supplied by spinning reserve of the generators and other frequency controller devices. Fig. 7 is demonstrated the frequency response versus the df/dt of the network. It is observed that the system frequency could be converged and restored back to the normal value after applying the load shedding.
For peak load case, the LSCM is also compute the amount of load need to be shed based on AUFLS and DSE. Fig. 8 shows the frequency response of the system in this case. The amount values of load shedding are presented in Table VI . Fig.  9 is illustrated the df/dt versus the frequency response of the network. It is observed that the system frequency could be converged and restored back to the normal value after applying the load shedding. Estimation. An adaptive under frequency load shedding is applied to improve the estimation of disturbance magnitude in the system. Meanwhile, State estimation is used to estimate the load values at each bus in the system. By combining the mentioned methods, the proposed scheme is accurate and suitable for conventional distribution networks.
The effectiveness and robustness of the proposed scheme has been tested and results show the ability of load shedding in an islanded distribution network for preserving load generation balance. It is observed that the proposed scheme manages to immediately perform the load shedding in distribution network. The required amounts of load can be shed according to the well estimation of power imbalance. Of significance is that the scheme has proved to be an essential tool for a successful islanding operation.
